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Abstract. We dcscl ibc the devclopmmt  of a mid-inflarcd camera itltcndcd for use at the
l’alomar $m telcscopc  and at the NASA lnfrarcd Telcscopc Facility. l’he  camera is based
Icm l{ockwcll’s }IF-1~ 128x128 Si:As 11111  array. I’his anay is urmual  in t}]at it ha% a well
,dc]Ml of al)proximah;ly  30 niilliol! elcchons;  this will allow the usc of traclitio~lal  broadbalid
,astro~lo]nical filters (N and Q) w}]ilc kccIJing a reasonable field-of-view. Mmwrred arl ay
:pcl-formancc illclicatcs that it }Ias a read Iloisc of 1100  electrons and shows non-liocaritics
(of < 10/0 up to (M’%  of full well. III tl]is paper, wc discuss the array and its opcratirlg
cllaraclcris Lies  and wc give a brief overview of the camera dcsigll.

1. Constraints of the Environment

One of the most importmt  requirements of a ground-based, mid-infrared
(5- 25 pm) array camera is its ability to cope with the large number  c)f
Lac.kgrou]ld  photons which flood its pixels. This atmnda.nce of photons has
Lmcn handled  in three ways: 1 ) u]tra.-fast  readout rates; ‘2) very narrow filter
passbands;  and/or  3) very small platcscatcs.  ‘1’hc  first method is unattractive
bccausc of th c high cost and com plcxity invcdvcd in fast readout electronics
and data storag;c  devices. ‘1’he second aucl third arc u nattractivc  bccausc
more ou-source  integration time is required to reach a given sensitivity, aud
the third also reduces the Iicld-of-view. A ncw altmnativc  is to usc a detector
array which has much deeper wells, allc)wiug  the use of normal electronics
without sacrificing the broacl  filter pa.sstrands.

Mlltl IN, a mid-infrared largwwell  imagcr under dcvcloprnmt  at JI’1,,
])rovidcs  a sinl~)le,  portable, and cost-effective observing environment which
takes a.dvantagc of rccc.nt  dcvclopmcnts  in deep WCII array technology. Wc
will be ahlc to take data with a 128x128 array wit}l up to a 1 arcminutc ficld-
of-view in tllc t)rcladballd  N a.rld Q filters, a. nlodc which has not been feasible
until now. Usc of the Q filter will require that we read the array in less than
4 ms- clifilc.ult,  but  WC]] within tlic constraints of ]Ilodm-n technology.
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2. lktectc]r  Clmrridmristics

MIR1,lN is a. unique instrument for ground-based 5-25 Im astronomy pri-
marily bccausc  of the unusually large full well  depth of the detector array.
‘1’he array is a “Iligh Plux” 128x 128 a.rscmic-dopecl  silicon blocked impurity
~band (Si:As  1 ]1 11) detector array (dcsigna.t,cd  11}$- 16) nlanufacturcd  by Rock-
WC1l l]lt,crltationat. ‘J’hc bias across each pixel is held constant by a. direct
imjcction  11’I’H’ while the current is integrated on a 1.’7 pl’ capacitor; the
voltage across 1,}1 is capacitor is buff tired by FII;’1’ source-followers which have
a “hct gain of 0.77 (1’igurc I a). ‘1’he  full well voltage swing a.t the output
is a])])roxill]atcly  2.2 V, implying a. detector full WCII depth  of 3X107 e- ,
roug]lly  a.rl order  of n~agnitudc deeper than previously availab]c detectors.
‘]’his  depth allows longer il]tcgration  lcngt})s  before the array  saturates on
t,]Ic hckgro~lncl--  rrxlucing  the spcccl rrx]uirmnc)it,s of the supl)ort  c]cctronics
and/or allowing t,hc usc of wider fields-of--view or wider filter passbands.

a) NH Gain b) l.ir]earit Deviation
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l“ig. 1. Measured N ;1’ gain and Iillcarity of the Rockwell 111“-16 arl-ay. Figure la shows the
variatio]] of tlm output, vol~agc W}IC]I  the direct, injccliorl 1+’1+71’  is pinclmd off and t}lc reset
voltage is va]icd. Figul e lb S}1OWS the variation of t}]c rneasurecl “flux” (sigllal/integration
lcmg,ll]) a~ a ful,ctior, of tl]c fil,al sifylal lCVCI.

‘1’h is array has a, read noise Incasured at about 1100 electrons at low
background conditions (109 ph/s/cn]2).  g’hc high noise va.tuc is a result of
the large capacitance rlccdcd  to provide a. deep well and cannot bc rcduccd  by
correlated sa.rnpling duc to the Iriultiplexm  design, but this is not clctrimcntal
iis the devic.c will still bc easily backgrorrnd-lirnitcd  at a WCII depth of just
ii few pcrccnt.  ‘i’hc response uniformity and linearity arc also very good for
this array. ltoc.kwcl]  has measured the unifornlity  of our array to have 1 rY
dcwia.tions  of approximately 2.8Y0, and wc have measured the response of
individual pixels to Lc liuear to 1% up to 1.4 V (6570 of the full WCI1 2.2 V-
lJigurc I b). SUC}I clraract,cristics  rcducc the an]ount  of ]Jost-procmsillg  ]Iccdcd
to asses tllc data:  ]mrticularly  important  when decisions Inust, bc made
quickly while obscwvi]lg  at the tclcscopc and allow the overall quality of
1,1112 data to be higher since the error  terms  are smaller.

ucla. tex - Date: August 13, 1993 Time:  12{02



.

I’}III; J] ’I, I) EE1’-W1HJ, MIILINFRAR1!l)  ARRAY CAM14:RA 3

3 .  Chmerrr IJesign

‘Our design goal is to have a conlpa,ct, sin~plc carncra  which delivers diffrac-
t,ion-limited images from 7 to 25 pn] and which may be used at the I’alo-
tna.r 5-111 or the IR’11’  without nloving or replacing the optic-s or the detec-
tor array.  Wc have the following tm.sic  requirements: simultaneous wave-
length c.overage frcm 5-25 ~~w~, and Nyquist-sarnplcd  spatial resolution for
A > 7,5 j~~~i at IRdomar, a n d  f o r  A > 15 jln~ at tJle  IItq’1”-  the field-of-
vicw rcsult,ing  from this recluirclncnt is 20”x 20” at 1 ‘alcnna.r  and 1‘ x 1‘ a.t
“the IIL’I’11’. We }Iave chosen the si]nplest optical design which meets these
rcquircmcnt,s:  OIIC aspheric  calncra  mirror, a flat fold mirror, and a plano-
convcx  Cd’J’c  ]cns at the p u p i l . ‘1’his design requires only that the pupil
dia.rnctcr  bc c.hanged when nloving the carncra  twtwccn  tclcsc.opts.

‘1’l]c dc!war uses conventional infrared systrm design. ‘1’hc optics ancl
detector arc mounted on the work surface of a 10 inch dia.rnctcr lnfrarcd
I,a.boratorics  (’I’uc.son,  AZ) l, Ilc/1,N2 dewar  with the clltrancc  window locat-
ed 011 a, side wall. Up]ooking or sidelooki]lg  operation is allowed by locating
:Lhc cryogen fill tubes just inside the vacuu]n  jacket on the same wall as
the window and using tubes that extend to near the botton~ of the c.ryogcn
ca~ls.  Stc.l~pcr  n~otors  control tllc positions of the two filter wheels, and limit
switc.hcs allow the accurate initialization of their positions.

‘1’hc clcc.tronics  wc have chosen arc based on the coadding  1)S}’ design
currently in usc iat the NASA IIVI’F for their 256x256 lIISb facility carn.-
era (N SII’CAM, scc Shu rc et al. in these procmd  i]ig,s)  and are avi,ilablc
from Advanced 1 lcsign  Systmns (Mililal,i,  111). q’he chief diffcwenccs  arc the
incrcascd  nu]nbcr of output charlllcls  (16 vs. 4) which must bc handled ancl
the usc of 14-bit ,A/1 ) collvcrtcrs  as opposed to 16-bit. Noise analysis shows
that  1 4-bit resolution is a.dcquatlc  to san~p]c the Iloisc  floor while still  covcr-
illg the clltirc dylla.rnic  ra.ngc of our array.

4 .  Performmce  Estinmtw

l[kwausc  the systcn~  is still being assmblcd, wc can only estinla.tc its perfor-
mance at this tirnc. Wc do this by first calculating the back.grouncl  generated
by the te]escopc and sky assu][ling  a tempera.tulc of 275-280 K and an clnis-
~;ivity  of 15- ‘,z?070. WC next colnl Jut,c the flux a. star sprca.d over several pixels
of the array  must  produco in order to bc dctcctablc  at a 1 u level over t}~is
bac.kgroullct  in  a sing]c ] second in~agc. ‘1’he  limiting flux (photons/see) of
[~ poilit sourc.c for a, 1]]]] array  iS giVC1l  by ?iobj = S/N~NPir?lback/(~ir,t $)

where S/N is the s@la]-t@  noise ratio, NPir is the nunlbc!r  of pixe]s, Tl~aCk is
l,]Ic bac.kgroullcl  photoll flux pcr pixc],  t~,,~ is the integration ]cvlgth,  and ?//~
is the dctectivc  quar~tu]l]  efficiency of the detector (ta.kcn  to be q ~/1.15 at
1- ‘2 V biases). A fcw cxarnplcs of the lu/ls  lin~iting  flux arc given in ~’able I,
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~along  with filt,cr  data, dctcct,or quantum yield, and the intcgrat,ion  length
~zr.t which the detector wells will be l/2 full fro]n the background.

‘J’AIIIX  1
Estinlated  l’crfor~!iarlcc

. .
““[}’aiOn,ar  (t].15”’;/I,ix)”l  1}~’F(O.5’’/*,ix)

. .
T~ilt” ~~c~)~,~, ‘J’imct o”- “lu/lR “’1’imcto ‘“”

(/1:,}) (;l:)
lu/li--

1/2 Well IJim Flux 1/2 Well liim Flux
(1,,s) (r,,Jy) (Ins) (mJy)

.  .
4.72(M) 0.55-” “’0.90 0.15 “ -  71&””  --”-9.0”” 290(- ‘-’ 13 “-

10.27 1.01 0.86 0.40 40 35 74
10.30 CVF 0.10 0.40 0.40 2E0 180 730 340
11.00 (N) 5.78 0.88 0.40 IG 18 5.9 35
19.76 1.72 0.32 0.53 130 110 46 250
21.17 (Q) 11.00  0.60 0.53 11 37 3.9 82
24.49 0.72 0.25 0.48 600 270 210 Mm

~Dthcr filters: 7.91(0.76), 8.81 (0.87), 9.82(0.92), 11.70(1.11), a]d 12.49(1.16) pm-  pcrfornl -
ancc siIIlilar to the ‘10.27(1 .01) filter; 18.10(1.64) allcl  21.17(2.25) pm-  performance like
(the 19.76(1.72) filter; awl a 7-14 IJm CVF-  from wllic},  the 10.30(0.10) mkry is derived.

5. Future prc~spect,s

‘1’hc nlost cxc.iting pros]wc.t in iln])roving  this systc]rl  is incorporating a larg-
er array.  A 256x256 device would potclltia]ly  allow us to irnagc 4 times  the
iarea i)l a sillglc  frii.]l]e without sacrificing rmolution;  however, a. device with a.
:proportiolla,lly  deeper  well would be needed to allow the sari-lc  per-pixel read-
out rates  without saturation. Multi plcxcrs with > 60 njil]ion  electron WCHS
have already bccil  demonstrated by several venc]ors, and it is conceivable
that a 2.56X256 device with 108 electron  wells rmay bcconlc available in the
:ncxt  few years.  Alternatively, a slnall-wcl]  array with oll-device background
suppression could bc dcvc]opcd. ‘J’esting  with visible wavelength devices at
.11’1, (11. ]’sin, ])rivatc c.cjrllrl~~lllicatioll)  indicates that factors >100 in back-
ground reduction can be achieved, at tllc cxpcIIsc  of increased noise. ‘1’his
‘tee.hniquc has an added advanta?;c in that non-uniformity is correspondillgly
lrcduccd.  While large n~id-llt  arrays based on this technology arc farther off,
tllcy provide an interesting additional po.sssibility.
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